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(E)-2-(p-FLUOROPHENETHYL)-3-FLUOROA!XYLAMINE 

This invention related to (E)-2-(£-fluorophenethyl)-3-fluoroailylamine, to its method of preparation and to 
its pharmacological activity inhibiting monoamine oxidase-B and to its end-use application in the treatment 
of Parkinson's Disease. 

More specifically, this invention relates to 2-(p-fiuorophenethyi)-3-fluoroallylamine. a compound having 
5 the structural formula 

FCH 

I! 



70 




CH2CH2CCH2NH2 



fs and the pharmaceutical^ acceptable salts thereof, a potent and selective enzyme-activated, irreversible 
inhibitor of MAO-B. useful in the treatment of patients suffering from Parkinson's Disease. 

Appropriate pharmaceuticaily acceptable and addition salts are such salts derived from organic and 
inorganic acids such as hydrochloric, hydrobromic, sulfonic, sulfuric, phosphoric, nitric, maleic, fumaric. 
benzoic, ascorbic, pamoic, succinic, methanesulfonic, acetic, propionic, tartaric, citric, lactic, malic, man- 

20 delic, cinnamic, palmitic, itaconic, and benzenesulfonic. 

in general, the preparation of the compound of this invention may be effected by procedures well 
known in the art, (e.g., U.S. Patent 4,454,158) wherein a diester of £-ffuorophenylethylbutyric acid is 
haiomethylated in known manner by first treating the diester with a strong base to produce the correspond- 
ing carbanion and then contacting the carbanion with a suitable halomethylating agent The strong base 

25 must be non-nucleophilic and be of sufficient strength to remove a proton from the methine moiety adjacent 
to the carboxy group of the starting ester. Suitable such bases are known in the art. Examples are: (a) an 
alkyi lithium (e.g., n-butyllithium), (b) an aryl lithium (e.g., phenyilithium), (c) a lithium dialkylamide (e.g.. 
lithium diisopropylamide), (d) sodium or lithium amide, (e) a metal hydride (e.g., sodium or potassium 
hydride), (f) metal alcoholate (e.g., sodium or potassium tert-butoxide), or (g) lithium or dilithium acetylide. 

30 The reaction between the diester and the base can be performed in an aprotic organic solvent (such as 
tetrahydrofuran (THF), diethyl ether, dimethylformamide (DMF), dimethyl sulfoxide ^ (DMSO), dimethox- 
yethane, or dioxane, or mixtures thereof), using a temperature range of about 0* to 70* C, preferably 45* C, 
and a reaction time of about 5 minutes to 2 hours. Preferred bases for forming the carbanion are "sodium 
hydride in dimethoxyethane, potassium tert-butoxide/n-butyllithium in THF, or sodium tert-butoxide in THF. 

35 Following halomethylation it is preferred to selectively remove one of the ester groups by acid 
hydrolysis. To accomplish selective cleavage it is preferred to have a mixed diester wherein one ester 
group is easily cleaved (e.g., one ester group bears t-butyl, benzyl, diphenylmethyf or triphenylmethyl) while 
the other bears a straight chain alkyl (e.g., methyl, ethyl, propyl or n-butyl. 

The easily cleaved ester group can be selectively hydrolyzed by treatment with an organic or inorganic 

to acid, either with or without an added solvent, using a temperature range of about 0* to 25* C and a reaction 
time of about 1 to 10 hours. Ambient temperature is preferred. The choice of the acid for the hydrolysis is 
not critical, except that the acid should be chosen so that it can be easily removed after the hydrolysis 
stage. Trifiuoroacetic acid is preferred since its low boiling point permits it to be easily removed from the 
hydrolysis product. When one ester group bears benzyl, diphenylmethyl, or triphenylmethyl and the other is % 

45 a straight-chain Ci-C* alkyl group, the easily cleaved ester group can also be selectively cleaved by 

subjecting the mixed diester to catalytic hydrogenoiysis using conventional procedures: for example, by s 
treatment under a hydrogen atmosphere in the presence of a catalyst (e.g.. Pd/C) at ambient temperature 
for 1 to 48 hours. As will be apparent to those skilled in the art, the ester groups can be chosen so that both 
groups can be cleaved simultaneously by acid hydrolysis or catalytic hydrogenoiysis. 

so Following selective hydrolysis, the haiomethylated monoester is converted to its aery late ester by 
treatment with a base. The reaction can be performed using an aqueous or non-aqueous solvent with strong 
bases such as sodium hydroxide and the like or weak bases, such as triethylamine or sodium bicarbonate, 
can be used. With strong bases, care must be exercised to avoid using an excess of base to avoid 
interaction with the double bond. The choice of the base, the reaction solvent and reaction conditions will be 



2 



EP Q 296 604 A1 



apparent to those skilled in the art. A preferred procedure is to use aqueous sodium hydroxide in THF at 
ambient temperature. In general, a temperature range of 0* to 25* C and reaction time of 15 minutes to 2 
hours can be used. 

The acrylate ester is reduced to yield the aJlyl alcohol. The reducing agent employed for this 
5 transformation can be any reagent which is known in the art to be capable of selectively reducing an ester 
function of carboxylic acid function to the corresponding carbinol in the presence of a double bond. A 
preferred reducing agent is diisobutylaJuminum hydride (DIBAL-H) in hexane, THF, diethyl ether, or 
dichloromethane, or mixtures thereof. In a preferred procedure, a solution of the acrylate methyl ester in 
THF is cooled to about 0* to -78* C (preferably -60* to -70* C), the DIBAL-H dissolved in hexane is added, 
to and the temperature of the mixture is allowed to rise to ambience. The reaction time can be about 2 to 24 
hours. 

The aliyl alcohol can be converted to the desired allyl primary amine using procedures known in the art 
to be useful for replacing an allylic hydroxyl group by an allylic primary amino group. A preferred laboratory 
method involves the direct formation of an imido derivative, preferably the phthalimide, and subsequent 

75 cleavage of the imido group to generate the primary amino group. The imido derivative can be prepared 
conveniently by treating the allyl alcohol with the appropriate imide (i.e., phthalimide, succinimide, or 
maJeimide) in the presence of a triarylphosphine (e.g., triphenylphosphine) or a triaikylphosphine and diethyl 
azodicarboxylate in an aprotic organic solvent (e.g., THF or dioxane). The reaction can be performed using 
a temperature range of about 0* to 70* C and a reaction time of about 1 to 24 hours. Ambient temperature 

20 is preferred. The imido derivative can be cleaved, preferably by reaction with hydrazine in an organic 
solvent such as an alkanol (e.g., ethanol) at reflux temperature (50* to 100* C) and a reaction time of about 
30 minutes to 10 hours. It is preferably to add an acid (e.g., hydrochloric acid) after the hydrazine treatment 
to convert the product to the acid addition salt Other reagents can be used to cleave the imido function. 
For example, the imide can be heated with a strong mineral acid (e.g., hydrochloric or sulfuric acid) or a 

25 mixture of hydrochloric acid and acetic acid. Acids, such as hydrobromic acid, which are reactive towards 
olefins usually cannot be used. The finaJ products are conveniently purified and isolated as the acid addition 
saJt using conventional purification methods. 

The foregoing procedures may be illustrated by the following examples. 

30 

EXAMPLE 1 



35 

2-(p-Ruorophenethyl)-3-fluoroallylamine HC1 



40 Step A. Ethyl 2-(tert-butoxycarbonyl)-p-fluorophenylbutyrate 

A solution of £-fluoropheny I butyric acid (25 g) in tert-butyl acetate (349 ml) is treated with perchloric 
acid (1.77 ml) then stirred at ambient temperature for 1.5 hours. This is subsequently poured into water 
(350 ml) containing NaOH (48 g) and the tert-butyl ester is isolated by ether extraction as a pale yellow oil. 

45 A solution of lithium diisopropylamide is prepared from diisopropylamine (22.74 g) and 1 .6M n-butyl lithium 
(143.7 ml) in THF (200 mi). This is cooled to -78 "C and a solution of tert-butyl g-fiuorophenylbutyrate 
(26.76 g) in THF (100 ml) is added slowly. After 1 hour a solution of ethyl chloroformate (12.19 g) in THF 
(100 ml) is added and stirring is continued at ambient temperature for 24 hours. The mixture is then poured 
into water, neutralized with dilute aqueous HCI and the product isolated by ether extraction. In this way the 

50 crude maionate is obtained as an orange oil (32.27 g). 



55 
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Step B. Ethyl 2-(tert-butoxycarbonyl)'2-(difluoromethyl-p«fluoroph8nylbutyrate 

Solid sodium tert-butoxide (19.81 g) is added to a solution of crude ethyl 2-(tert-butoxycarbonyl)-p- 
fluorophenyibutyrate (32.14 g) in THF (400 ml). The mixture is stirred for 1 hour then heated to 45 - C at 
5 which time CICHFa gas is added rapidly for about 15 minutes. Stirring is continued for 1 hour under an 
atmosphere of CICHF2 during which time the temperature falls to ambient The reaction mixture is poured 
into water/brine and the crude product is isolated as an orange oil (34.55 g) by ether extraction. 

70 Step C. (E)-Ethyl 2-(p-fluorophenethyl)-3-fluoroacrylate 

A solution of ethyl 2-(tert-butoxycarbonyl)-2-(difluoromethyl)-£-fluorophenylbutyrate (30.28 g) in 
trifluoroacetic acid (168 ml) is stirred for 1 hour, then the excess trifluoroacetic acid is removed by 
evaporation. The residual oil (25.82 g) is dissolved in THF (230 ml) and treated slowly with 2M NaOH (80 
75 mi) so that the pK does not rise above 7.02. After completion of the addition the solution is stirred for 
another 15 minutes and the product is extracted into ether. The ether is evaporated and the residue is 
filtered through a short column of silica using 5% EtoAc in light petroleum as solvent. Evaporation of the 
solvent affords essentially pure product as a pale orange oil (15.75 g). 

20 

Step D. (E)-2-(p-Fluorophenethyl)-3-fluoroallyl alcohol 

A solution of the acrylate (15.70 g) in hexane (350 ml) cooled to -10* is treated slowly with a solution of 
diisobutylaluminum hydride in hexane (1M solution, 196 mi). THe solution is stirred at ambient temperature 
25 for 90 minutes, then cooled to 10* C and treated consecutively with CH3OH (196 ml) and 6M aqueous HC! 
(245 ml) . Water is added and the product is isolated by ether extraction followed by distillation of the 
solvents to leave almost pure alcohol (1 1 .36 g). 



30 Step E. (E)»1-Fluoro-2'(p«fluorophenethyi)«3-phthalimidopropene 

A solution of the crude alcohol (11.36 g) phthalimide (8.43 g) and triphenylphosphine (5.03 g) in THF 
(400 ml) is cooled to 0* C and treated slowly with a solution of diethyl azodicarboxylate (9.99 g) in THF (50 
ml). Stirring is continued at ambient temperature overnight, then the solution is evaporated to leave an 
35 orange paste (30 g). Chromatography on silica (20% EtoAc in petroleum ether as eluant) allows the 
separation of pure product (13.90 g) as a pale yellow solid). 



Step P. 

40 

A mixture of the phthalimide (0.26 g) and hydrazine hydrate (80 mg) in ethanol (5 ml) is refluxed for 2.5 
hours. 6N aqueous HCI (1.2 mi) is added and the mixture is evaporated to dryness. The residue is 
dissolved in NaOH (10 ml) and the crude amine is isolated by ether extraction then dissolved in THF (10 
mi) and treated with di-tert-butyl dicarbonate (194 mg). The solution is refluxed for 2 hours then the crude 

45 N-BOC derivative is isolated by ether extraction. Purification is achieved by silica chromatography (25% 
EtoAc in petroleum ether) whereupon pure material (180 mg) is obtained as an almost colorless oil. This is 
dissolved in hydrogen chloride-saturated ether (12 ml), left overnight, then filtered to give the hydrochloride 
salt of (E)-2-(p-fluorophenethyl)-3-fluoroally (amine (30 mg) as colorless plates; m.p. 1 31 * C. 

Monoamine oxidase (MAO) inhibitors have been used clinically for over twenty years, in the 1970's it 

50 was realized that MAO was two enzymes with different distri butions, substrate and inhibitor sensitivities. In s 
man, the Type A enzyme metabolizes primarily norepinephrine and serotonin, whereas the Type B enzyme 
is important for the metabolism of dopamine. MAO Type A is selectively inhibited by clorgyline. L-Deprenyl 
selectively inhibits MAO Type B. L-Deprenyl, in a large number of clinical trials, has been shown to be of 
benefit to Parkinsonian patients. The inhibitor is used in combination with L-Dopa and a decarboxylase 

55 inhibitor and has particular value in controlling the "on-off" effect and "end of dose" dyskinesias. Moreover, 
analysis of data from a large number of Parkinsonian patients treated with L-deprenyl plus Madopar (L-Dopa 
+ benserazide) compared with Madopar alone suggests that L-deprenyl treatment significantly prolongs life 
expectancy. Relevant to this observation, it has been shown in mice and monkeys that L-deprenyl treatment 
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blocks the neurotoxic effect of MPTP (N-methyl-4-phenyi-1 .2, 3. 6-tetrahydro pyridine) which produces the 
Parkinsonian syndrome in man. Indeed, it has been suggested that an MPTP-like neurotoxin might be the 
cause of idioipathic Parkinson's disease. 

In man and animals, L-deprenyl is rapidly transformed to L-amphetamine and methamphetamine. and 
5 these products may contribute to some of the side effects observed with L-deprenyl. Furthermore, L- 
deprenyl has only limited selectivity for the MAO-B enzyme. Thus a compound with enhanced selectivity for 
the MAOB enzyme and devoid of amphetamine-like effects should of considerable benefit in Parkinson's 
disease. The compound of this invention has a biochemical and pharmacological profile that meets these 
criteria. 

70 (E)-2-£-Ruorophenethyl)-3-fluoroallylamine is a potent and selective enzyme-activated, irreversible 
inhibitor cTmAO-B. In vitro , the IC50 values for inhibition of rat brain mitochondrial MAO-A and -B are 6.8 x 
10~ 7 M and 3.6 x 10~ 9 M. respectively; a selectivity ratio of 190 in favor of MAO-B inhibition. In vivo , the 
compound is active orally, is potent and with a selectivity ratio of 44 remains selective for MAO-B. 

Following repeated daily administration for 14 days, (E)-2-£-fluorophenethyl)-3-fluoroallylamine re- 

is mained selective for the MAO-B enzyme. From the irreversible inhibition, mode of action and the long half- 
life of the enzyme, a lower daily dose is needed to inhibit the enzyme. In the rat the oral doses necessary 
to inhibit by 50% the MAO-A and MAO-B enzyme in various tissues are shown in Table 1 . 



20 




TABLE 1 




25 


Effect of chronic (14 day) oral administration 
of (E)-2-(p-fluorophenethyl)-3-fluoroallylamine 
on rat MAO activity 




Tissue 


EO50 mg/kg p.o. 


30 


MAO-A 


MAO-B 




Brain 


>5 


0.025 




Heart 


5 


0.5 


3S 


Liver 


> 5 


0.01 




Duodenum 


>>5 


0.25 



40 MPTP given parenterally to mice depletes striatal dopamine. This effect can be prevented by MAO-B. 
but not by MAO-A inhibitor. (E)-2-g-Fluorophenethyi)-3-fluoroallyiamine protects mice from the neurotoxic 
effect of MPTP as seen from Table 2. 



5 



EP 0 295 604 A1 



TABLE 2 

Prevention of MPTP neurotoxicity 


Treatment 


Striatal dopamine 


ug/g ± SEM 


Control 


15.2 + 0.8 


MPTP (20 mg/kg i.p.) 


4.3 ± 0.4 


( E) -2-j3-f luorophen- 
ethyl)-3-f luoroallyl- 
amine (1.25 mg/kg i.p.) 


16.6 ± 0.9 


MPTP plus (E)-2-fi-fluoro- 
phene thyl ) -3-f luor o- 
allylamine 


16.0 ±0.4 



Non-selective and MAO-A selective inhibitors are known to produce dangerous cardiovascular inter- 
actions with tyramine containing foods; the so-called "cheese reaction L-Deprenyl is devoid of this effect 
Given acutely at 10 and 50 times the ED50 dose for inhibition of MAO-B, (E)-2-£-fIuorophenethyl)-3- 
fluoroaJIylamine is also devoid of interactions with tyramine as seen in Table 3. 



Table 3 

Potentiation of the cardiovascular effects of tyramine 
by MAO inhibitors administered orally 


Treatment 


Tyramine potentiation 
ratio* 


Kd. 


i.v. 


Control 


1 


1 


( E ) -2-£- f luor ophene thyl ) -3- 
f luoroallylamine (1.8 mg/kg p.o.) 


1.4 


0.8 


( E) -2-£-f luorophenethyl ) -3- 
f luoroallylamine (9 mg/kg p.o.) 


1.3 


1.8 



*Tyramine potentiation was calculated from a dose response curve to the 
tachycardia response to intraduodenal (i.d.) tyramine (0.3-50 mg/kg) and 
intravenous (i.v.) tyramine (1 .25-80 pg/kg) by comparing the ED50 dose of 
tyramine in control animals vs that in treated animals. 



Thus in its end-use application for the treatment of Parkinson's Disease, (E)-2-£-fluorophenethyl)-3- 
fluoroailylamine may be used at dose ranges of about 0.01 to 1 mg per kilogram of body weight per day. 

Of course, when employed to treat Parkinson's Disease the effective dosage of the compound of this 
invention will vary according to the nature and severity of the disease and the particular subject being 
treated. In general, effective results can be achieved by administering a compound at a dosage level of 
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from about 0.1 to 1 mg per day per kilogram of body weight. In practice, therapy should be initiated 
systerrucaily at lower doses, the dosage thereafter being administered orally in solid dosage forms, e.g., 
capsules, tablets, or powders, or in liquid forms, e.g., solutions or suspensions. The compounds may also 
be injected parenteraily in the form of sterile solutions or suspensions. Solid oral forms may contain 

s conventional excipients, for instance, lactose, sucrose, magnesium stearate, resins, and like materials. 
Liquid oral forms may contain various flavoring, coloring, preserving, stabilizing, solubilizing, or suspending 
agents. If desired, additives, such as saline or glucose may be added to make the solutions isotonic. When 
the compounds of this invention are used in conjunctive therapy with L-DOPA lower amounts of L-DOPA are 
required and thus any side effects coherent with large amounts of L-DOPA will be lessened or obviated. 

io The term "conjunctive therapy" is intended to comprise simultaneous, separate or sequential admin- 
istration. 



Claims 

75 

1. (E)-2-{£-Ruorophenethyl)-3-fluoroalIylamine or a pharmaceutical^ acceptable salt thereof. 

2. (E)-2-(£-Ruorophenethyl)-3-fluoroallylamine. 

3. A compound of claim 1 or 2 for use as a medicine. 

4. Use of a compound of claim 1 or 2 for preparing a medicament for inhibiting monoamino-oxidase-B 
20 or treating Parkinson's disease. 

A process for preparing a compound of claim 1 or 2 which comprises replacing the ally lie hydroxy 
group of (E)-2-(p-fIuorophenethyl)-3-fluoroailyl alcohol with a primary amino group to yield (E)-2-(p- 
fluorophenethyl)-3-fluoroallylamine. 

6. A product comprising a compound of claim 1 or 2 and L-Dopa as a combined preparation for 
25 simultaneous, separate or sequential use in the treatment of Parkinson's disease. 

7. A product comprising a compound of claim 1 or 2 and a peripheral inhibitor of aromatic L-aminoacid 
decarboxylase as a combined preparation for simultaneous, separate or sequential use in the treatment of 
Parkinson's disease. 

8. A product comprising a compound of claim 1 or 2, L-Dopa and a peripheral inhibitor of aromatic L- 
30 aminoacid decarboxylase as a combined preparation for simultaneous, separate or sequential use in the 

treatment of Parkinson's disease. 

Claims for the following contracting States: ES, GR 

35 1. A process for preparing (E)-2-(£-fluorophenethyl)-3-fluoroallyIamine or a pharmaceutical^ acceptable 
salt thereof which comprises replacing the allylic hydroxy group of <E)-2-(p-fiuorophenethyl)-3-fIuoroailyl 
alcohol with a primary amino group to yield (E)-2-(p-fluorophenethyl)-3-fluoroallylamine. 

2. A process according to claim 1 which comprises: 

(a) reducing (E)-2-(p-fluorophenethyl)-3-fluoroaacrylic acid ester to yield (E)-2-(p-fluorophenethyl)-3- 
40 fluoroallyl alcohol, and 

(b) replacing the allylic hydroxy group of (E)-2-(p-fluorophenethyl)-3-fluoroallyl alcohol with a primary 
amino group to yield (E)-2«(p-fluorophenethyl)-3-fluoroallylamine. 

3. A process according to claim 1 or 2 for preparing (E)-2-(£-fluorophenethyl)-3-fluoroallylamine. 

4. Use of a compound of claim 1 or 2 for preparing a medicament for inhibiting monoamino-oxidase-B 
45 or treating Parkinson's disease. 

5. A product comprising a compound of claim 1 or 2 and L-Dopa as a combined preparation for 
simultaneous, separate or sequential use in the treatment of Parkinson's disease. 

6. A product comprising a compound of claim 1 or 2 and a peripheral inhibitor of aromatic L-aminoacid 
decarboxylase as a combined preparation for simultaneous, separate or sequential use in the treatment of 

so Parkinson's disease. 

7. A product comprising a compound of claim 1 or 2, L-Dopa and a peripheral inhibitor of aromatic L- 
aminoacid decarboxylase as a combined preparation for simultaneous, separate or sequential use in the 
treatment of Parkinson's disease. 
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